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METHOD OF ILLUMINATING AT LEAST TWO ILLUMINATION POINTS 
Field of the invention 

The present invention relates to a method of inuminating at least two fflumination 
5 points, a method of utilizing light modulating chips with one or more defective light 
modulatore, a method of compensating non-linearity or non-accuracy of an 
illumination system and an illumination arrangement according thereto. 



10 



15 



20 



25 



Background of the invention 

Within the field of fflununating surfaces or structures by means of for example so- 
called spatial light modulators, several different techniques may be applied. 

Roughly, the two most important design parameters of such system are the type of 
spatial light modulator and the design of the optical system. 

At the time being, preferred spatial light modulators typically comprises so-called 
DMD light modulator combined with different less standardized optical systems. 

One problem of the applicable spatial light modulators, including the DMD light 
modulators, and the associated optical system, is that high requirements with respect 
to uniform light transmission are hardly met 

It is the object of the invention to facilitate an improved uniform light transmission 
via a spatial light modulator, such as for example a DMD-modulator. 



Summary of the invention 

The invention relates to a method of ffluminating at least two iUumination points 
(401) by a substantially unifonn predefined amount of energy by means of at least 
one spatial light modulator (10), said at least one spatial light modulator (10) 
30 comprising a plurality of light modulators (LM), whereby the predefined amounts of 
energy transmitted to said at least two illumination points (401) are at least partly 
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controlled by varying the number of said light modulators (LM) nominating said at 
least two points. 

According to the invention, an advantageous way of transmitting optical energy to 
5 illumination points has been obtained. 

According to the invention, light is broadly understood as electromagnetic energy 
both within and outside the spectrum of visible light. Specifically, infrared and 
ultraviolet light is referred to as light, which may be modulated according to the 
JO invention. 

According to the invention, a variable energy transmission to the ffliuuination points 
comprises both the two extremes: no light transmitted to the illumination point, and 
full transmission to the illumination points. Hence, according to the invention, the at 
15 least one spatial light modulator may modulate the individual illumination point both 
with on- and off modulation. 

According to the invention, control signals fed to the spatial light modulator control 
the Rumination of the individual illumination points partly by varying the light fed 
20 to the illuminanon points. 

According to the invention, different undesired properties of the complete 
illumination system or a part of it may be easy compensated "on the fly" by means of 
software compensation. The invention, therefore provides a cost-effective solution to 
25 a relatively complicated problem of undesired system non-accuracy, such as socalled 
roll-off (non-uniformity) ande.g. different types of non-linearities. 

According to the invention, the predefined amounts of energy may e.g. be defined by 
a human operator or e.g. automatically. 

30 
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If, for instance, the method is applied for illumination of printing plates, the 
predefined level should match the overall light sensitivity of the printing plate. 

If; for instance, the method is applied for rapid prototyping, the level should match 
5 the overall sensitivity of the material, thereby ensuring the hardening is uniform, 
both in the X-Y plane, but also in depth (Z-pIane). 

The two above mentioned applications, both refer to more or less 100% on- off 
illumination of illumination points. In other words, the individual light modulation 
10 points is either not-illuminated at all, or illuminated with a predetermined energy 
level, matching the properties of the illuminated medium. 

When, as stated in claim 2, said at least one illumination point (401) forms part of a 
light sensitive medium (12), a further advantageous embodiment of the invention has 
IS been obtained. 

According to the invention, a light sensitive medium may e.g. comprise a great 
variety of light sensitive mediums such as printing plates, PCB masks, Rapid 
prototyping materials such as epoxy, etc. 

20 

When, as stated in claim 3, the light modulators (LM) illuminating at least one of the 
at least two illumination points are light modulators of mutually different spatial light 
modulators, a further advantageous embodiment of the invention has been obtained. 

25 According to the invention, it is possible to avoid a noticeable dividing line where 
the lower edge of one light modulation layout abuts with the upper edge of the same 
or another light modulation layout, by letting the light modulation layouts overlap by 
an integer number of rows. In the overlapping zone, the illumination points may be 
illuminated by two Uiumination layouts, and hence possibly two different spatial 

30 light modulators. 
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When, as stated in claim 4, the illumination is performed during a relative movement 
between the at least two illumination points (401) and the at least one spatial light 
modulator (10), a further advantageous embodiment of the invention has been 
obtained. 



According to a preferred embodiment of the invention, a relative movement is 
established by more or less conventional scanning, such as a linear scanning. 

According to the invention, the energy received in one illumination point may further 
10 be at least partly controlled by varying the speed of the relative movement. 

When, as stated in claim 5, at least one of the at least two illumination points (401) is 
illuminated by a set of the light modulators (LM) of said at least one spatial light 
modulator (10), a further advantageous embodiment of the invention has been 
15 obtained. 

According to the invention, the sequence of light modulators may e,g. comprise a 
row or column of light modulators from which the applied light modulators are 
selected. 



When, as stated in claim 6, the illumination of at least two of the illumination points 
is obtained by predetermined light modulators (UVT), a ftuther advantageous 
embodiment of the invention has been obtained. 

25 When, as stated in claim 7, said predetermined light modulators (LM) form a mask 
pattern (LML), a further advantageous embodiment of the invention has been 



When, as stated in claim 8, said amount of energy is substantially the same in each 
30 illuminated point, when the illumination is completed, a further advantageous 
embodiment of the invention has been obtained 



5 



20 



obtained, 
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According to a very preferred embodiment of the invention, very little variation 
between the amounts of energy is accepted. Preferably, less than for example 20% 
variation, more preferable less than 5-10% variation, and even more preferably less 
5 than 2% variation over the illuminated points should be obtained- When dealing with 
e.g> a printing plate, the invention provides a possibility of obtaining a uniformity, 
which is actually not facilitated by the light modulation arrangement as such, Even 
though it may be possible to establish a variation over the illuminated points of less 
than 2% by improving the optics and the lamp, it is from an economical point of 
10 view very desirable to establish a unifoimity by utilizing the method of Hie present 
invention. 



When, as stated in claim 9 moving a light modulating arrangement over a surface 
(12), said light modulating arrangement establishing at least one light modulation ■ 

15 layout (LML), said at least one light modulation layout comprising at least one row 
(RO, Bl 9 ..) containing at least one light modulation point (LMP), said light energy 
received at a specific spot (401) on said surface (12) being accumulated from the 
light energy received from each of said at least one light modulation points (LMP) of 
one of said at least one row (RO, Rl v .) of one of said at least one light modulation 

20 layouts (LML), said light energy received at said specific spot (401) pi* said surface 
(12) being at least partly controlled by varying the number of said at least one light 
modulation points (LMP) of said at least one row (RO, Rl,..), a further advantageous 
embodiment of the invention has been obtained. 



25 According to the present invention, it is possible to ensure that each point on the 
surface, e.g. light sensitive media, is exposed with the same amount of energy. 

When, as stated in claim 10, the number of light modulation points (LMP) is at least 
partly controlled by blocking some of the light modulators (LM), a further 
30 advantageous embodiment of the invention has been obtained. 
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When, as stated in claim 11, at least one of the light modulators (LM) chosen to 
block is selected from defective light modulators (LM) of the at least one spatial light 
modulator (10), a further advantageous embodiment of the invention has been 
obtained. 



According to the invention, it is hereby possible to utilize spatial light modulators 
with one or more defective light modulators, and accordingly possible to maintain 
the use of a spatial light modulator which e,g- due to wear or shock becomes partly 
defective during use. 



When, as stated in claim 12, at least one of the light modulators (LM) chosen to 
block is selected from light modulators (LM) corresponding to light modulation 
points (LMP) deviating from the desired light modulation point (LMP) 
characteristics, a further advantageous embodiment of the invention has been 
15 obtained- 

Light modulation point characteristics referred to may e.g. comprise distortion, 
focus, intensity level, etc. 

20 According to the invention, it may for some applications be beneficial to select the 
light modulators to block from a negative criterion. E.g. when it is desirable to obtain 
the best possible uniformity, it may be beneficial to block light modulators 
corresponding to non-distorted light modulation points instead of only blocking some 
of the light modulators that corresponds to distorted light modulation points. 



When, as stated in claim 13, the blocked light modulators (LM) form a time varying 
pattern, a further advantageous embodiment of the invention has been obtained. 

According to a preferred embodiment of the invention, the time varying pattern is 
30 established on the basis of a random selection of light modulators. The random 
• selection of light modulators may e.g. be selected purely randomized or e.g. among a 
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fixed subset of light modulators determined to form a suitable basis for randomized 
modulation. 

According to the invention, it is hereby possible to avoid noticeable patterns in the 
5 illuminated points when the illumination is completed. 

When, as stated in claim 14, the number of light modulators (LM) to block is 
determined on the basis of an energy measurement of the light modulation layout 
(LML), a further advantageous embodiment of the invention has been obtained. 



When, as stated in claim 15, the energy measurement is performed on the complete 
system comprising at least one light source (105), illumination optics (106, 107), at 
least one spatial light modulator (10) and imaging optics (107, 109), a further 
advantageous embodiment of the invention has been obtained. 



According to the invention, both non-uniformity in the optical system and the spatial 
light modulator may be compensated in combination. 



When, as stated in claim 16, the number and distribution of light modulators (LM) 
20 allocated for illumination of at least one of the at least two illumination points (401) 
are determined on the basis of an energy measurement of all light modulation layouts 
(LML) established by the light modulating arrangement, a further advantageous 
embodiment of the invention has been obtained. 

25 When, as stated in claim 17, the predefined amounts of energy transmitted to said at 
least two illumination points (401) are transmitted from two different spatial light 
modulators (10), respectively, a further advantageous embodiment of the invention 
has been obtained, 

30 According to an embodiment of the invention, the at least two light modulating 
points are neighboring or substantially neighboring and it is therefore very important 
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to ensure that the borderlines of illumination points between illuminated solely or 



primarily of two different spatial light modulators or in two different illumination 
processes by the same spatial light modulator is as uniform as possible. 

5 In other words, if a relatively small roll-off is accepted at the first side of the 
borderline, the same effective roll-off should be present from the other side of the 
borderline, thereby ensuring that no clear en transition between two neighboring 
zones may be observed, 

10 The invention further relates to a method of utilizing light modulating chips with one 
or more defective light modulators (LM), whereby the method of illuminating at least 
two points according to any of the claims 1-17 is used. 

According to the invention, it may be possible to utilize partly defective spatial light 
15 modulators, as intentionally not all light modulators are used. 

The invention fiulher relates to a method of compensating non-linearity or non- 
accuracy of an illumination system comprising at least one spatial light modulator 
(10) and at least one thereto coupled input and output optics (105, 106, 107, 109) by 
20 means of the method according to any of the claims 1-18. 

According to the invention, it is possible to compensate for any undesirable effects of 
the lamp, the optical system and the spatial light modulator. 

25 The invention further relates to an illumination arrangement comprising at least one 
spatial light modulator (10) and at least one thereto coupled input and output optical 
system (105, 106, 107, 109), said arrangement comprising means for performing a _ 
modulation of light according to any of the claims 1-19. 

30 When, as stated in claim 21, said input optical system comprises at least one light 
source, a further advantageous embodiment of the invention has been obtained. 
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The figures 

The invention will be described in the following with reference to the drawings 
where 

5 fig. 1 A and IB illustrates an exemplary light modulating arrangement, 
fig. 2 illustrates an exemplary light modulation layout, 

fig. 3 shows how the light modulating arrangement moves over the light sensitive 
media, 

fig. 4 shows how each point on the light sensitive media is exposed to light, 
10 fig. 5 illustrates how the optics may cause the light to be distributed, 
fig. 6 shows how the energy received from each row may be measured, 
fig. 7 shows how the energy received from one row may be calculated, 
fig» 8A-8F show several ways to distribute the blocked light modulators, 
fig. 9A and 9B show two light modulating arrangements positioned together, 
15 fig. 1 0 shows how the energy level may be determined with two or more layouts. 
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Detailed description 

Fig. 1A illustrates an exemplary light modulating arrangement, to describe the 
context of the present invention. It should be noted however, that the present 
5 invention is in no way restricted to be used only with the shown arrangement 

The arrangement comprises means for light modulation 10 and an optics housing 1 1. 
Not shown, but comprised by a functional arrangement, are means for producing a 
light beam, and several auxiliary units, as e.g. ftns for cooling, etc. A light beam 105 

10 produced and refined by such preceding units, is sent through a focusing lens 106, 
and into a light directing means 107, that directs the light beam towards the light 
modulating means 10. A modulated light beam is emitted from the light modulating 
means 10, and directed through a set of lenses 109 by the light direction means 107. 
The set of lenses 109 focuses the modulated light beam emitted from the light 

15 modulating means 10 on a light sensitive media 12, as e.g, an exposure plate, a 
printing plate or rapid prototyping media. The area on the light sensitive media 12 
being exposed by the light beam is in the following referred to as a light modulation 
layout LML. 

20 The light modulating means 10 modulates the light beam to reflect electronically 
stored image data. Possible light modulating means 10 comprises spatial light 
modulators, as e.g. DMD modulators, transmissive shutters including LCD and 
micro-mechanical shutters, and more. The light modulating means comprises a 
plurality of light modulators LM (not shown), e.g. mirrors, shutters, LCD crystals 

25 etc. A preferred light modulating means 10 comprises a DMD light-modulating chip 
101 mounted on a PCB 102 with a cooling plate 103 and a temperature sensor 104. 
DMD is an abbreviation meaning 'Digital Mirror Device' 

One of the possible light modulating means 10 that may be implemented is disclosed 
30 in the applicants own WO 98 47048 and WO 98 47042 which are hereby included by 



reference. 
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The purpose of the Kght direction means 107 is to direct the unmodulated light beam 
105 towards the light modulating means 10, and further direct the modulated light 
from the light modulating means through subsequent optics 109, without letting the 
5 optics shade for either light beam, 

The light directing means 107 depends on the type of light-modulating means 10 
used. For transmissive light modulating means, e.g. micro-mechanical shutters, the 
unmodulated light beam is directed towards one side of the light modulating means, 
1 0 and the modulated light beam is emitted from the other side, In such an arrangement 
the light directing means 107 might be excluded. 

For DMD modulators the unmodulated light beam is directed towards the same point 
as where the modulated light beam is emitted. This necessitates the use of light 
15 directing means 107. In the exemplary arrangement of figure 1, a TIR-prism is used 
for light directing means. TIR is an abbreviation meaning 'Total internal Reflection'. 
A TIR-prism comprises a surface 108 which will act as a mirror to Kght coming from 
one direction (from the left for this specific embodiment), and will let Kght coming 
from an other direction (from the top for this specific embodiment) through. 

20 

Fig. IB shows the Kght modulating arrangement of figure 1A from a 3D perspective. 
An arrow is added to show that the light modulating arrangement 10, 11 is moving 
over the light sensitive media 12. 

25 Fig. 2 illustrates an exemplary light modulation layout LML. It comprises a two- 
dimensional array of light modulation points LMP. The array comprises a number of 
rows RO - R1023 and a number of columns CO - C767. The exact number of rows 
and columns may be anything, and is for mis specific example chosen to be 1024 
rows and 768 columns, corresponding to XOA resolution. Thus the Kght modulation 

30 layout LML of this example comprises 786.432 Kght modulation points LMP, 
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Another preferred example is to have 1280 rows and 1024 columns, corresponding to 
SXGA resolution, or 1280 tows and 720 columns, corresponding to a MD resolution- 
It should be noted that the use of the terms rows and columns in this patent 
5 application may differ from the use in other application* e.g. concerning displays or 
monitors. Particularly is the use of the terms swapped in some applications. 

Each li^ht modulation point IMP corresponds to a light modulator LM of the light 
modulating means 10. The content, e.g. light or not light, of each light modulation 

10 point LMP directly corresponds to the setting of the corresponding light modulator 
LM, and as each light modulator LM may be individually controlled by the light 
modulating means 10, each light modulating point LMP may correspondingly be 
individually established by the light modulation means 10. In a preferred 
embodiment of the light modulating arrangement, only the existence of light in each 

15 light modulation point LMP is controlled by the light modulating means 10, but it is 
within the scope of the invention to also let the light modulating means control other 
parameters of the light, as e.g. the intensity or the wavelength (color) etc. 

In a preferred embodiment of the light modulating arrangement of figure 1 A-1B, the 
20 light modulating means 10 comprises a DMD light modulating chip 10L That 
surface of the chip, which is exposed to the unmodulated light beam, is covered by 
hundreds of thousands or millions of small mirrors, arranged in a two-dimensional 
array. Typically a chip comprises 1024x768 mirrors or 1280x1024 mirrors. Each 
mirror constitutes a light modulator LM, and is able to direct the incoming light in 
25 two directions. A first direction towards the optics 109 and the light sensitive media 
12, and a second direction towards some light absorbing material. Thus the 
modulated light beam actually consists of many sub beams, each being reflected 
from one of the small mirrors. By controlling the direction of each mirror, i.e. light 
modulator LM, it is possible to control which of the light modulation points LMP of 
30 the light modulation layout LML that receives light at a specific time. 
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Another preferred embodiment of the light modulating arrangement of figure 1 A- IB 
implements an array of micro -mechanical shutters instead of a DMD light 
modulating chip. The array of micro-mechanical shutters is a thin, typically 
hexagonal shaped plate comprising several rows of through holes. Typically a chip 
5 comprises 28 x 21 holes. Over each hole is a shutter, which may electronically be 
moved beside the hole, to let light through. To get a better resolution. i.e. more holes, 
several chips are build together, facilitated by their hexagonal shape, to modules, 
here referred to as LSA-modules. Using this type of light modulating means, an 
unmodulated light beam to be directed through the modulator chip to the output 

10 portion of the chip from which the modulated light is being emitted. Each shutter 
constitutes a light modulator LM, and is individually controllable, and thereby it is 
possible to control which of the light modulation points LMP mat receives light at a 
specific time. As the rows of holes are staggered, a light modulation means of this 
type does not establish a light modulation layout LML as shown in figure 2, but 

15 instead establishes a light modulation layout which light modulation points LMP are 
individually positioned corresponding to the individual positioning of the holes. This 
is one of several examples of light modulation layouts LML that does not fit to the 
example of figure 2, but is within the scope of the present invention as well as the , 
example shown. 

20 

In the following description, when mentioning a light modulator LM being turned on 
or off, it indicates whether or not it illuminates its corresponding light modulation 
point LMP. 

25 Fig. 3 shows how the light modulating arrangement, and thereby the light modulation 
layout LML, in a preferred embodiment moves over the light sensitive media 12, In 
the x-directioh it moves continuously and smoothly, and in the y-direction it moves 
step-wise, the length of one step being the height of the light modulation layout 
LML. Alternatively the height of one step in the y-direction may be an integer 

30 number of rows, thereby letting the movement in the x-direction partly overlap the 
last movement in the x-direction. This movement pattern may be referred to as 
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"stitching", and is e.g. described in US 6,137,593 and US 5,825,400, which are 
hereby included by reference. The stitching technique may be used to avoid 
noticeable dividing lines between the movements in the x-direction. It is noted that 
any movement pattern is within the scope of the present invention, and the example 
5 given, though being a preferred movement pattern, is mainly to help describe the 
present invention. In addition to other movement patterns of the light modulating 
arrangement, it is within the scope of the present invention to rotate the tight 
modulation layout LML proportional to the movement direction. 

10 The present invention is in the following described according to the exemplary light 
modulation layout shown in figure 2, and the movement pattern shown in figure 3. 

Fig. 4 shows how the movement pattern of figure 3 causes each point on the light 
sensitive media to he exposed to the possible light of several light modulators LM. 
15 Due to reasons of olarity, the Kght modulation layout LML is shown with much 
fewer light modulation points LMP as in a preferred embodiment. As the light 
modulating arrangement, and thereby the light modulation layout LML, moves over 
the light sensitive media 12 in the direction indicated by the arrow, each point on the 
light sensitive media possibly receives light from several light modulators, but 
20 always from tight modulators located in the same row. For example the specific point 
401 on the light sensitive media, receives light only from the light modulators 
located in the row R2, which are on at the time they are over that point 401. When 
the light modulation layout has moved over the specific point 401, that point has 
altogether received energy conesponding to a time-based accumulation of the light 
25 intensity from each light modulator in the row R2 that are turned on. Each point may 
however receive light from more than one row of light modulators LM, if the 
stitching technique is used, though it still receives the same energy, as if it was only, 
exposed to one row of light modulators LM. 

30 Fig. 5 illustrates one simplified example of how the optics may cause the light 
intensity to be distributed over the light modulatiou layout LML. Because of 
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limitations in the optical design, the light intensity distribution over the light 
modulation layout is not uniform, and typically not linear nor symmetrical either. In 
the simplified exemplary distribution shown in figure 5 9 the reference El indicates 
the area with the highest intensity transmission, and E5 indicates areas with the 
5 lowest intensity transmission. It is noted that the distribution shown in the drawing is 
hardly a typical example, but due to its simplicity and symmetry it makes a good 
basis for the following description, as realistic exemplary distributions is very 
complex. 

10 Fig. 6 shows how the intensity transmitted from each row of the light modulation 
layout LML may be measured. Instead of a light sensitive media, the light 
modulating arrangement is moved over an energy measuring arrangement, providing 
a measuring line 601, The measuring line 601 comprises a one-dimensional array of 
light energy meters, where the perception area of each energy meter is equal to the 

15 area of a light modulation point LMP, The energy meters is further positioned in 
such a way, that there to each row of the light modulation layout corresponds an 
energy meter, Each energy meter is reset prior to the light modulating arrangement 
moving over the measuring tine 601, and is read subsequently. Thereby the reading 
of each meter corresponds to the total energy each point in a corresponding line on a 
20 light sensitive media receives by the same motion of the light modulating 
arrangement All light modulators LM of the light modulating means should be 
turned on during the process. As in figure 4, the light modulation layout LML is 
shown with much fewer light modulation points LMP than it has in a preferred 
embodiment. 



Alternatively to the energy measuring method just described, it is possible to use 
intensity meters instead of energy meters. This method should be used in conjunction 
with time measuring, as the energy received in a point may then be calculated as the 
average intensity multiplied by the total time, or as the intensity integrated over time. 



25 



30 
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Alternatively to measure the energy absorption caused by a full row, it may be 
beneficial to measure the intensity from each light modulator LM. Thereby it is 
possible to accurately establish a map of the light intensity distribution over light 
modulation layout. 

The energy or intensity meters used in the measuring arrangement may be any 
devices suitable, among these e.g. one- or two-dimensional CCD-arrays, scanners 
and cameras. 



10 Several other embodiments of the energy measuring arrangement and method are 
possible, and within the scope of the present invention. 

An exemplary result of the energy measurement is also shown in figure 6. The graph 
is rotated to better reflect how it corresponds to the light modulation layout LML and 

15 the measurement line 601. As seen from the graph, the energy measured from the 
outer rows is less than the energy measured from the middle rows, even though all 
rows have the same number of columns, and each point on the measurement line 
thereby receives the same number of exposures. This behavior is due to the 
simplified exemplary intensity distribution pattern shown in figure 5. With a more 

20 realistic and complex intensity distribution, the graph of figure 6 will change 
accordingly. That different points on the light sensitive media is receiving different 
amounts of energy, even though all light modulators are turned on, may be a 
problem, as it causes the resulting light sensitive media to be inhomogeneous. One 
purpose of the present invention is to prevent this behavior, so that the total intensity 

25 transmitted from each row is the same for ail rows, thereby ensuring that each point 
on the light sensitive media will receive the same amount of energy. 

Fig, 7 is provided to help describe how the total energy received from one row of the 
light modulation layout LML may be calculated. In the drawing, £/, s 2 , ss etc., */, t 2> h 
30 etc. and uu *0 etc., denote the amount of light intensity in each of these specific 
light modulation points LMP. The total energy Em a specific point on the light 
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sensitive media receives from the row with the reference R6, may be written as 



and v is the speed of the light modulation layout relative to the light sensitive media. 
In the example of figure 7, N has the value 10. The energy of any row may be 
5 calculated this way, whereby the total energy of the row R9 may be written as 

E R9 =$J I* and the total energy of row R12 may be written as 



When comparing the terms described above regarding figure 7 with the graph of 
10 figure 6, it can be shown that e.g. B& >Erp> Erjz* As mentioned above, this may be 
a problem, and one of the purposes of the present invention is to achieve an energy 
distribution that writes Em - Brp « Em etc. With an embodiment having a more 
realistic light intensity distribution over the light modulation layout LML than the 
example used above, the above may be written more generally as But o o Erj2 
1 5 etc., but still the target equation Em ~ e m> =» Em etc. applies. 

According to the method of the present invention, equal energy transmission, as e.g. 
indicated by the line 602 in figure 6 may be achieved for each row by blocking some 
of the light modulators LM from those rows with too high accumulated energy. This 

20 may practically be accomplished by never turning on all light modulators of those 
rows with superfluous energy. This may be controlled by hardware or software. With 
the example light modulation layout LML of figure 6, a possible solution would be to 
only use half of the middle row R6, a bit more than half of the rows R3, R4, R5, R7, 
R8 and R9, almost all of the rows Rl, R2, RIO and Rll, and at last use all of the 

25 rows RO and R12. The specific number of light modulators to be blocked from each 
row may according to a preferred embodiment of the present invention be 
determined on the basis of a measurement of the intensity in each individual light 
modulation point. When the intensity in each light modulation point is known, it is 



where N is the number of columns, / is the width of the columns, 
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possible to calculate which light modulators to block, to achieve a certain energy 
transmission from a specific row, A drawback of this method is the many intensity 
measurements mat have to be made. With another preferred embodiment of the 
invention, the decision of which light modulators to block may be determined on the 
basis of a measurement line measurement as the one shown in figure 6. As it is not 
possible to determine the exact intensity in a specific light modulation point from mis 
measurement, toe decision of which modulators to block is partly based on trial, and 
it is thus necessary to carry out the measurement and the decision-making several 
times, until an acceptable energy transmission level is established for each row. 



10 



A further consideration that is made according to the method of the present invention 
is which light modulators within a specific row is most beneficial or least detrimental 
to block, when more light modulators are possible. Ibis decision may be made 
according to one of more of several parameters. Some of the possible parameters are 
15 described hereafter. 

- If one or more light modulator of a certain light modulating chip is defective, these 
light modulators may as well be blocked, thus facilitating the use of partly defective 
light modulating chips. 

- If it may be advantageous to the specific application, it is possible block light 
JO modulators placed together not only in a specific row, but also in adjacent rows. The 

opposite is possible as well, if it may be advantageous to distribute the blocked light 
modulators uniformly or heterogeneous. 

- Because of limitations in the optical design, the light modulation points near the 
outer edges, and especially near the comers of the layout may for some 

5 implementations of the light modulating arrangement be a little stretched or distorted 
compared to the middle light modulation points. Due to this, blocking the light 
modulators corresponding to these stretched or distorted light modulation points 
when possible instead of those of more regular form may increase the overall quality. 
A further use of this approach is to only use the middle part of the light modulation 

) layout. This solution is more inefficient, but facilitates a higher exposure quality. 
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- A different approach to the problem described above* is to particularly use the 
distorted light modulation points, as to ensure that the distortion is relatively uniform 
all over, contrary to use the above approach of blocking the distorted light 
modulation points, and e.g. not being able to block all distorted points, and thereby 

5 establishing a visible edge between distorted and non-distorted points. 

- In some embodiments of the light modulating arrangement, the speed of the 
arrangement relative to the light sensitive media may change during the exposure 
process, e.g. when the arrangement is not allowed to reach its traveling speed before 
it gets over the media after having turned outside the media. In this kind of situation 

10 it is necessary to adjust the blocking pattern during the process, to ensure uniform 
energy distribution, by e.g. blocking more light modulators when the arrangement 
travels with a low speed. 

- The blocking pattern may be chosen from the kind of assignment and the particular 
light sensitive media used. It may e.g. be beneficial to be able to change the speed 

15 and light intensity according to the sensitivity of the light sensitive media, or e.g. 
according to the desired quality level, processing tempo or quality of the optics or 
spatial light modulator used. 

Fig, 8A-8F show several possible ways to distribute the blocked light modulators 
20 over the light modulation layout according to the present invention. Each of the 
figures comprises a light modulation layout LML. Those light modulation points 
corresponding to blocked light modulators are painted black. The eight shown 
distribution patterns are only examples, and any distribution of the blocked light 
modulators is within the scope of the present invention, 

25 

Fig* 8D shows a distribution pattern that may be derived from the simplified 
exemplary intensity distribution shown in figure 5. 

Fig. 8A - 8C show different distribution patterns that may be derived from more 
30 realistic intensity distributions. The distribution pattern shown in figure 8C utilizes 
the method of distributing the blocked modulators heterogeneous over the light 



RcE:P020$SEP 
Dato: 29-0&-2002 



AWVUHAl(JKUPFtN/PAItNI(aKUrftR 



• 




20 



10 



15 



20 



25 



modulation layout. The distribution may be established according to a predetermined 
map, or it may change during the exposure process, to avoid noticeable patterns in 



Furthermore a preferred embodiment of the present invention is able to change the 
blocking pattern with time. It may e.g. be beneficial to change the locations of the 
blocked light modulators when the light modulating arrangement is near the edge of 
the light sensitive media or when its traveling speed or direction is changed. Also it 
may for some specific application be necessary that a certain light modulator be not 
blocked at some specific time, These types of run-time modifications are easily 
fecilitated by using software to control the blocking. 

Fig. 9A and 9B show two embodiments where two light modulating arrangements 
are positioned together in two different ways. Thereby the light sensitive media 12 is 
exposed to two light modulation layouts LML1, LML2. The light modulation 
arrangements travel over the light sensitive media in such a way that each point on 
the light sensitive media is exposed to only one of the light modulation layouts, and 
only once. Hence the total exposure takes only approximately half of the time used 
with one light modulation layout However, if the stitching technique is used, it will 
take more than half the time, but still be faster. .. .... 

When two or more different light modulating chips are used, as with the 
embodiments of figure 9A and 9B, it is necessary to not only ensure uniform energy 
distribution over each individual light modulation layout LML1, LML2, but also 
ensure that the energy level is the same for all light modulation layouts LML1, 
LML2. 

This situation is illustrated in figure 10, which is a modification of figure 6- It 
comprises a measurement line 601, as described above regarding figure 6, and two 
light modulation layouts LML1, LML2 are moved over it All light modulators are 
turned on in bolh layouts. At the measurement line 601 is measured the accumulated 



the resulting light sensitive media. 



Rc£:P02 088EP 
Daig: 29-08-2002 



M. AUU. 2002 1!>:M AUVUKA HaKUFFbW/PAl hR IbKUFftR ^ nu.mn ,. , v 

s * 5fe * 029 29.08.2002 15:45: 



21 

energy for each row. The results are depicted in the rotated graph to the right. As 
expected from the above description, the energy in the outer rows is less than the 
energy in the middle rows for both layouts. But what this graph shows, which is not 
seen from figure 6", is that the highest energy level obtainable in all rows of one light 
5 modulation layout LML2 may be less than for another LML1. For the first light 
modulation layout LML1, the light modulating arrangement is capable of 
establishing at least an energy level indicated by the line 1002 for all its rows, while 
for the second light modulation layout LML2 it is only capable of establishing at 
least an energy level as indicated by the line 1001 for all its rows. To ensure uniform 

10 energy transmission over the light sensitive media, it is therefore necessary to block 
light modulators of the first light modulation layout LML1, until its level of 
transmitted energy from each row equals the level indicated by the line 1001. When 
the two light modulation layouts LML1, LML2 have equal light intensity 
distributions, but different overall intensity levels, the blocking distribution patterns 

15 may be chosen in accordance with the figures 8E and 8F, where the distributions are 
equal, but with different resulting intensity levels. This behavior forms part of the 
present invention, as well as when three or more light modulation layouts are used 
together. All features described above with one light modulation layout, i.e. light •; 
modulating chip, e.g. location of blocked modulators according to different . 

20 parameters etc., is appUcable to the siroation with more modulating chips. . . 



Fig. 8E and 8F are derived from an embodiment according to figure 10, where two 
light modulating arrangements are used, and where the two light modulation layouts 
have equal light intensity distributions, but different intensity levels. 

25 
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Patent Claims 

1. Method of illuminating at least two illumination points (401) by a substantially 
uniform predefined amount of energy by means of at least one spatial light modulator 
5 (10), said at least one spatial light modulator (10) comprising a plurality of light 
modulators (LM), whereby 

the predefined amounts of energy transmitted to said at least two illumination 
points (401) are at least partly controlled by varying the number of said light 
10 modulators (LM) illuminating said at least two points. 

2. Method of illuminating at least two illumination points according to claim 1, 
whereby 

said at least one illumination point (401) forms part of a light sensitive medium 

15 (12). 

3. Method of illuminating at least two illumination points according to claim 1 or 
claim 2, whereby 

the light modulators (LM) illuminating at least one of the at least two 
20 illumination points are light modulators of mutually different spatial light 
modulators. 

4. Method of illuminating at least two illumination points according to any of the 
claims 1-3, whereby 

25 the illumination is performed during a relative movement between the at least 

two illumination points (401) and the at least one spatial light modulator (10). 

5. Method of illuminating at least two illumination points according to any of the 
claims 1-4, whereby 

30 at least one of the at least two illumination points (401) is illuminated by a set 

of the light modulators (LM) of said at least one spatial light modulator (10). 
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6, Method of illuminating at least two illumination points according to any of the 
claims 1-5, whereby 

the illumination of at least two of the illumination points is obtained by 
5 predetermined light modulators (LM), 

7. Method of illuminattng at least two illumination points according to claim 6, 
whereby 

said predetermined light modulators (LM) form a mask pattern (LML). 



8- Method of illuminating at least two illumination points according to any of the 
claims 1-7, whereby 

said amount of energy is substantially the same in each illuminated point, when 
the illumination is completed. 



9. Method of illuminating at least two illumination points according to any of the 
claims 1-8, whereby 

moving a light modulating arrangement over a surface (12), 

said light modulating arrangement establishing at least one light modulation 
20 layout(LML), ■ . 

said at least one light modulation layout comprising at least one row (R0, Rl,..) 
containing at least one light modulation point (LMP), 

said light energy received at a specific spot (401) on said surface (12) being 
accumulated from the light energy received from each of said at least one light 
25 modulation points (LMP) of one of said at least oae row (R0, Rl r .) of one of said at 
least one light modulation layouts (LML), 

said light energy received at said specific spot (401) on said surface (12) being 
at least partly controlled by varying the number of said at least one light modulation 
points (LMP) of said at least one row (R0, Rl,..). 



10 



15 



30 
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10. Method of illuminating at least two illumination points according to any of the 
claims 1-9, whereby 

me number of light modulation points (IMP) is at least partly controlled by 
blocking some of the light modulators (LM). 

11. Method of illuminating at least two iUumination points according to any of the 
claims 1-10, whereby 

at least one of the light modulators (LM) chosen to block is selected from 
defective light modulators (LM) of the at least one spatial light modulator (10). 



10 



12. Method of illuminating at least two illumination points according to any of the 
claims I- 1 1, whereby 

at least one of the light modulators (LM) chosen to block is selected from light 
modulators (LM) corresponding to light modulation points (IMP) deviating from the 
15 desired light modulation point (LMP) characteristics. 

13. Method of nominating at least two illumination points according to any of the 
claims 1-12, whereby 

the blocked light modulators (LM) form a time varying pattern. 

20 

14. Method of muminating at least two illumination points according to any of the 
claims 1-13, whereby 

the number of light modulators (LM) to block is determined on the basis of an 
energy measurement of the light modulation layout (LML). 

25 

15. Method of uluminating at least two illumination points according to any of the 
claims 1-14, whereby 

the energy measurement is performed on the complete system comprising at 
least one light source (105), illumination Optics (106, 107), at least one spatial light 
30 modulator (10) and imaging optics (107, 109). 
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16* Method of illuminating at least two illumination points according to any of the 
claims 1-15, whereby 

the number and distribution of light modulators (LM) allocated for illumination 
of at least one of the at least two illumination points (401) are determined on the 
5 basis of an energy measurement of all tight modulation layouts (LML) established by 
the light modulating arrangement 

17. Method of illuminating at least two illumination points according to any of 
claims 1-16, whereby 

10 the predefined amounts of energy transmitted to said at least two illumination 

points (401) are transmitted from two different spatial light modulators (10), 
respectively. 

18. Method of utilizing light modulating chips with one or more defective light 
1 5 modulators (LM), whereby 

the method of illuminating at least two points according to any of the claims 1- 
17 is used. 

19. Method of compensating non-linearity or non-accuracy of an illumination system ? 
20 comprising at least one spatial light modulator (10) and at least one theretp, coupled 

input and output optics (105, 106, 107, 109) by means of the method according to 
any of the claims 1-18* 

20. Illumination arrangement comprising at least one spatial light modulator (10) and 
25 at least one thereto coupled input and output optical system (105, 106, 107, 109), 

said arrangement comprising means for performing a modulation of light according 
to any of the claims 1-19. 

21. Illumination arrangement according to claim 20 wherein said input optical 
30 system comprises at least one light source. 
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Abstract 



The invention relates to a method of illuminating at least two illumination points by 
5 means of at least one spatial light modulator, said at least one spatial light modulator 
comprising a plurality of light modulators, whereby a predefined amount of energy 
transmitted to said points is at least partly controlled by varying the number of said 
light modulators illuminating said point 

10 According to the invention, an advantageous way of transmitting optical energy to an 
illumination point has been obtained. 
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